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DESCRIPTION 



INSULATED GATE TYPE SEMICONDUCTOR DEVICE AND 
MANUFACTURING METHOD THEREOF 



TECHNICAL FIELD 

The present invention relates to an insulated gate type 
semiconductor device including trench gate stamcture and manufacturing 
method thereof. More particularly, it relates to an insulated gate 
10 type semiconductor device and manufacturing method thereof aiming to 
achieve both high withstand voltage design and low on-resistance design 
by relaxing electric field on semiconductor layer. 
BACKGROUND ART 

There have conventionally been proposed trench gate type 
15 semiconductor devices including trench gate structure as power 
device-dedicated insulated gate type semiconductor devices. For the 
conventional trench gate type semiconductor devices in general, high 
withstand voltage design and low on-resistance design are in trade-off 
relation* 

20 Patent Document 1, for example, discloses a trench gate type 

semiconductor device, which pays attention to the above trade-off 
relation.. The trench gate type semiconductor device of Patent Document 
1 has structure as schematically shown in FIG. 30 . That is, an N*^ source 
region 31 is arranged on upper surface side in FIG. 30 and an N'^ drain 

25 region 11 is at the bottom side. Between the N**" source region 31 and 
the drain region 11, there are arranged a P body region 41 and an 
N" drift region 12 in order from upper side. Furthermore, a part of 
upper surface side is drilled and a gate trench 21 is formed in the 
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drilled portion. Furthermore^ a gate electrode 22 is built" in the 
gate trench 21. Still further, a P floating region 50 is arranged 
immediately below the gate trench 21 . Furthermore, the gate electrode 
22 is insulated from a P body region 41 by a gate dielectric 24 formed 
5 on wall of the gate trench 21. 

In this trench gate type semiconductor device, a depletion layer 
spreads from a PN junction portion of the P body region 41 and the N" 
drift region 12 toward the N"^ drain region 11 and another depletion 
layer spreads from a bottom portion of the P floating region 50 toward 

10 the N"^ drain region 11 when gate voltage is switched OFF. That is, the 
P floating region 50 promotes to get the N~ drift region 12 depleted. 
Thereby, higher withstand voltage design of a drain-source section can 
be achieved, according to Patent Document 1. 

Furthermore, as another example of a trench gate type 

15 semiconductor device. Patent Document 2 discloses of it . In the trench 
gate type semiconductor device of Patent Document, a P floating region 
59 is arranged at a position away from a gate trench 21, as shown in 
FIG. 31- According to Patent Document 2, the P floating region 59 
can realize higher withstand voltage design of a drain-source section, 

20 similar to the insulated gate type semiconductor device of FI(3. 30. 

The semiconductor device of FIG. 31 is manufactured by taking 
the following process . An N" silicon layer for an N" drift 12 is formed 
on an N"** substrate which grows in to an N"^ drain region 11 by means 
of epitaxial growth. The N" silicon layer is formed up to the level 

25 Z shown in FIG. 31. Next, the P floating region 59 is formed by means 
of ion implantation and the like. Further on, rest portion of the 
N" silicon layer is formed by means of epitaxial growth again. Thereby, 
there is thus formed a semiconductor device of which P floating region 
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59 is fully surrounded with an N" drift region 12 silicon. It is to 
be noted that by repeating the above process, plural P floating regions 
59 different in depth can be formed depths. 

' 'Furthermore, a terminal area of the above-mentioned trench gate 

•5 type semiconductor devices has structure as shown in FIG. 32, in general. 
That is, there is formed a P terminal diffusion region 61 of which 
depth is similar or deeper than a gate trench 21, in a terminal area. 
Thereby, a depletion region spreads from around the P terminal diffusion 
region 61 to relax concentration of electric field at a terminal area 

10 when gate voltage is switched OFF. 

[Patent Document 1] JP Laid-open Patent Publication No. 10-98188 
[Patent Document 2] JP Laid-open Patent Publication No. 9-191109 

* 

However, the semiconductor device of FIG, 30 has had the following 
problems. That is, the P floating region 50 is formed by means of ion 

15 implantation from the bottom portion of the gate trench 21. Therefore, 
the bottomportion of the gate trench 21 is damaged somewhat . Accordingly, 
in case the gate dielectric 24 is kept being formed with the gate trench 
21. damaged, device characteristics and reliability are likely to lower. 
Furthermore, the gate electrode 22 faces the P floating region 50. 

20 Therefore, charges disperse inside the gate electrode 22, specifically, 
a portion where the gate electrode 22 faces the P body region 41 and 
a portion where the gate electrode 22 face the P floating region 50, 
when gate voltage is switched ON. As a result, on-resistance becomes 
large. 

25 On the other hand, as to the semiconductor device of FIG. 31, 

the P floating region 5 9 is formed away from the gate trench 21 . Therefore , 
higher withstand voltage design can be intended with evading an 
on-resistance problem. However, at least two times of epitaxial growth 
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process is required to form a P floating region 54 conpletely surrounded 
by an drift region 12^ which takes considerable time to complete. 

Furthermore, for relaxing concentration of electric field at a 
terminal area, there is required process to form a P terminal diffusion 
5 region 61 of which thickness differs from thickness of respective P 
floating regions formed in a cell area. Therefore, the number of 
manufacturing process is larger and it takes time to complete. 
Furthermore, since heat load is large, impurity of an drift region 
12 (epitaxial layer) diffuses and impurity concentration becomes uneven. 
10 For compensating the unevenness of inpurity concentration, thickness 
of the N" drift region 12 must be thickened, which results in large 
on- resistance . 

> 

The present invention has been made to resolve at least one of 
the above-mentioned problems the conventional trench gate type 
15 semiconductor devices have had. That is, the present invention intends 
to provide an insulated gate type semiconductor device and manufacturing 
method thereof which realize both higher withstand voltage design and 
lower on-resistance design and can be manufactured simply. 

20 DISCLOSURE OF THE INVENTION 

To resolve the above mentioned problems the present invention 
provides an insulated gate type semiconductor device comprising: a 
body region arranged at upper surface side in a semiconductor substrate, 
the body region corresponding to a first conduction type semiconductor; 

25 a drift region being in contact with bottom surf ace^of the body region, 
the drift region corresponding to a second conduction type 
semiconductor; and a trench section arranged with penetrating the body 
region from upper surface of the semiconductor substrate and reaching 
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level further below bottom surface of the hody region, wherein the 
insulated gate type semiconductor further comprises a floating region 
surrounded by the drift region, the floating region corresponding to 
a first conduction type semiconductor, bottom of the trench section 
5 is arranged in the floating region, in the trench section, there are 
formed a deposited insulating layer consisting of deposited insulating 
material and a gate electrode being arranged above the deposited 
insulating layer and facing the body region, and top of the deposited 
insulating layer is further above top of the floating region. 

10 That is, the inventive insulated gate type semiconductor device 

has a floating region surrounded by a drift region . Owing to the floating 
region, depletion of the drift region at the time of switch OFF can 
be promoted. Furthermore, the floating region makes it possible to 
form peaks of electric field at plural portions, whereby a maximum 

15 peak value can be lowered. Furthermore, the inventive insulated gate 
type semiconductor device has a deposited insulating layer in a trench 
section. Thereby, a gate dielectric and gate electrode are not 
inf luencedby a damage of the trench section . As a result, deterioration 
of device characteristics and lowering of reliability can be restrained. 

20 Furthermore, top of the deposited insulating layer is further above 
top of the floating region. Such positioning prevents the gate 
electrode and the floating region from facing each other, whereby 
increase of on-reslstance can be restrained. 

It is preferable that the inventive insulted gate type 

25 semiconductor device further comprises an intermediate floating region 
arranged further above top of the floating region with being surrounded 
by the drift region, the intermediate floating region corresponding 
to a first conduction type semiconductor, wherein the trench section 
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penetrates the intermediate floating region, and top of the deposited 
insulating layer is arranged further above top of the intermediate 
floating region. 

That is, an intemediate floating region, functioning similar 
5 to the above-mentioned floating region, is arranged between a body 
region and a floating region. Thereby, peaks of electric field can 
be formed at three portions, at least, whereby a maximum peak value 
can be lowered further. As a result, both higher withstand voltage 
design and lower on- resistance design can be realized. It is to be 
10 noted that the number of the intermediate floating region is not limited 
to one but may be more than two . The larger the number of the intermediate 
floating regions is, the more peaks of electric field can be formed 
to realize lowering a maximum peak value. 

It is preferable that the inventive insulated gate type 

* 

15 semiconductor device according to claim 1 further comprises: an 
auxiliary trench section arranged with penetrating the body region 
from upper surface of the semiconductor substrate and reaching level 
further below bottom surface of the body region, the auxiliary trench 
section being filled with insulating material inside; and an auxiliary 

20 floating region surrounded by the drift region, the auxiliary floating 
region corresponding to a first conduction type semiconductor, wherein 
• bottom of the auxiliary trench section is arranged in the auxiliary 
floating region . That is , plural floating region (including auxiliary 
floating regions) are formed in the drift region. Since such structure 

25 makes density of floating regions in the drift region high, manufacturing 
margin such as size of a floating region and the like can be taken 
large. 

Furthermore, it is preferable that, in the inventive insulated 
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gate type seitaconductor device, depth of the trench section and depth 
of the auxiliary trench section are different. Thereby, the floating 
region and the auxiliary floating region can be arranged differently 
in thickness direction. Accordingly, peaks of electric field can be 
5 formed at three portions and a maximum peak value can be lowered further . 

On the other hand, it is also preferable that depth of the trench 
section and depth of the auxiliary trench section are same . In case 
depth of the trench section and that of the auxiliary trench section 
are same, both of these section can be formed in a same manufacturing 
step. Therefore, the number of manufacturing steps can be reduced . 
Furthermore, since a distance between adjoining floating sections is 
short, a depletion layer can surely connect those floating sections 
even if density of a ' drift region is high. Therefore, lower 
on-resistance design can be realized. Furthermore, size of a floating 
15 region can be taken small. Furthermore, since thermal diffusion 
processing can be done in a same manufacturing step, diffusion of 
impurity is little and lowering of 'on-resistance due to thermal diffusion 



10 



20 



25 



processing can be restrained. It is to be noted that depth of the 
trench section and that of the auxiliary trench section do not need 
to accurately coincide with each other. That is, subtle depth 
difference which arises at the time of forming trench is regarded within 
a range of same depth. 

Furthermore, according to another aspect of the present invention, 
there is provided an insulated gate type semiconductor device 
comprising: a body region arranged at upper surface side in a 
semiconductor substrate, the body region corresponding to a first 
conduction type semiconductor; a drift region being in contact with 
bottom surface of the body region, the drift region corresponding to 
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a second conduction type semiconductor; a trench section arranged with 
penetrating the body region from upper surface of the semiconductor 
substrate and reaching level further below bottom surface of the body 
region; and a gate electrode arranged in the trench section with facing 
5 the body region, wherein the insulated gate type semiconductor device 
further comprises: an auxiliary trench section arranged with 
penetrating the body region from upper surface of the semiconductor 
substrate and reaching level further below bottom surface of the body 
region, the auxiliary trench section being filled with insulating 

10 material inside; and an auxiliary floating region surrounded by the 
drift region, the auxiliary floating region corresponding to a first 
conduction type semiconductor, wherein bottom of the auxiliary trench 
section is arranged in the auxiliary floating region. 

That is, the insulated gate type semiconductor device directed 

15 to another aspect of the present invention has an auxiliary floating 
region surrounded by a drift region. The auxiliary floating region 
canpromote to get the drift region in OFF state depleted- • Furthermore, 
the auxiliary floating region is arranged below an auxiliary trench 
section for the auxiliary floating region. Therefore, there is no 

20 need to consider positioning and size of a gate electrode . Accordingly, 
design flexibility of an auxiliary floating region is high. On the 
other hand, it is not always necessary to arrange a floating region 
at bottom of the trench section in which gate electrode is built. 
Therefore, as long as no ion implantation from the bottom, problems 

25 such as deterioration of device characteristics and lowering of 
reliability do not occur. 

It is preferable that- the inventive insulated gate type 
semiconductor device further comprises an auxiliary intermediate 
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floating region arranged further above top of the auxiliary floating 
region with being surrounded by the drift region, the auxiliary 
' intermediate floating region corresponding to a first conduction type 
semiconductor, wherein the auxiliary trench section penetrates the 
5 auxiliary intermediate floating region, and top of the deposited 
insulating layer is arranged further above top of the auxiliary 
intermediate floating region. Thereby, peaks of electric field can 
be formed at three portions, at least, and a maximum peak value can 
be lowered. Accordingly, both higher withstand voltage design and 

10 ' lower on-resistance design can be realized. 

It is preferable that the inventive insulated gate type 
semiconductor, device comprises: a second auxiliary trench section 
facing the auxiliary trench section with the gate electrode inserted 
between there, the second auxiliary trench section being arranged with 

15 penetrating the body region from upper surface of the semiconductor 
substrate and reaching level further below bottom surface of the body 
region, the second auxiliary trench sectionbeing filled with insulating 
material inside; and a second auxiliary floating region surrounded 
by the drift region, the second auxiliary floating region corresponding 

20 to a first conduction type semiconductor, wherein depth of the auxiliary 
trench section and depth of the second auxiliary trench section are 
different . 

That is, since depth of an auxiliary trench section and that 
pf a second auxiliary trench section are different, an auxiliary floating 
25 region and a second auxiliary floating region are arranged differently 
in thickness direction. Accordingly, peaks of electric field can be 
formed at three portions and a maximum peak value can be lowered. 
Furthermore, since the auxiliary floating region and the second 
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aiixiliary floating region can be formed at same thermal diffusion 
processing, heat load is taken small - 

It is preferable that, in the inventive insulated gate type 
semiconductor device, the auxiliary trench section is structure in 
5 dot pattern, viewed from top side of the semiconductor substrate. 
Thereby a current path is taken wide and lower on-resistance design 
can be realized. 

It is preferable that, the inventive insulated gate type 
semiconductor device is structured such that, in a region around a 

10 cell region, there are arranged: a terminal trench section filed with 
insulating material inside; and a terminal floating region surrounded 
by the drift region, the terminal floating region corresponding to 
a first conduction type semiconductor, and bottom of the terminal 
trench section is arranged in the terminal floating region. 

15 That is, a floating region functioning similar to the floating 

region is arranged in a terminal area, as well. Thereby, higher 
withstand voltage design can be realized for a terminal area. 
"Furthermore, size of a terminal floating region is same as that of 
a floating region in a cell area. Therefore, it is compact and flexible 

20 for of size determination. Furthermore, since a terminal floating 
region and a floating region can be formed at a same manufacturing 
step, they cay be formed simply. Furthermore, since those regions 
are formed in a same manufacturing step, heat load is smaller in 
comparison with a case of a conventional semiconductor device. 

25 According to the present invention, there is also provided 

manufacturing method of an insulated gate type semiconductor device 
which comprises: a body region arranged at upper surface side in a 
semiconductor substrate, the body region corresponding to a first 
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conduction type semiconductor; a drift region being in contact with 
bottom surface of the body region, the drift region corresponding to 
a second conduction type semiconductor; a trench section arranged with 
penetrating the body region from upper surface of the semiconductor 
5 substrate and reaching level further below bottom surface of the body 
region; and a gate electrode arranged in the trench section with facing 
the body region, the manufacturing method comprising: trench section 
forming step of f oiming the trench section in the semiconductor substrate 
on which the drift region and the body regions have been formed; iiapurity 

10 injecting step of injecting impurity from bottom of a trench section 
formed in the trench section forming step; insulating material laying-up 
step of laying up insulating material in the trench section after 
impurity is injected through the impurity injecting step; and floating 
region forming step of forming a floating region by applying thermal 

15 diffusion processing after impurity is injected in the insulating 
material laying-up step. 

In the manufacturing method, a start substrate corresponds to 
a semiconductor substrate fomed such that a drift region is formed 
by means of epitaxial growth and the like, and after that, a body region 

20 is formed thereon by means of impurity introduction technology such 
as ion implantation and the like and thermal diffusion processing. 
After that, a trench section is formed penetrating the body region 
from top of its start material in trench section forming step. Next, 
in floating region forming step, a floating region is formed by 

25 implanting impurity from the trench section. That is, a floating 
section is formed after formation of a drift region and a body region. 
Therefore, there is not required a step to form mono crystal silicon 
layer by means of epitaxial growth again after formation of floating 
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region. Accordingly, an insulated gate type semiconductor device 
including a floating region can be manufactured with simple 
manufacturing steps. 

It is preferable that the inventive manufacturing method of an 
5 insulated gate type semiconductor device further comprises: trench 
section, drilling step of further drilling down bottom of the trench 
section after impurity is injected in the impurity injecting step; 
and impurity re-injecting step of re-injecting impurity from bottom 
the trench section drilled further in the trench section drilling step. 

10 Thereby, plural stages of floating region formed in thickness direction 
of the semiconductor substrate formed by first time of epitaxial growth. 

It is preferable that, in the inventive manufacturing method 
of an insulated gate type semiconductor device, the trench section 
is formed in a cell region and a peripheral region of the cell region 

15 in the trench section forming step, and the insulatingmaterial laying-up 
step comprises: insulating material filling step of filling inside 
of the trench section formed in the trench section forming step with 
insulatingmaterial; and depositedmaterial adj usting step of adjusting 



20 



height of a deposited insulating layer by eliminating a portion of 
insulating material in the trench section filled with insulating 
material in the insulating material filling step, particularly, the 
trench section in the cell region. 

That is, it is preferable that a trench section is formed in 
a periphery region of a cell area and a terminal area in the trench 
25 section forming step. Thereby, a floating region can be formed in 
a region other than a cell region, in floating region forming step 
after formation of a trench section, without adding special 
manufacturing for forming a terminal area . Furthermore, in insulating 
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material filling step, inside of the trench section is filled with 
insulating material. Subsequently, after a portion of insulating 
material is eliminated from only a trench section in the cell region 
in deposited material adjusting step, gate electrode is formed in the 
5 eliminated portion of the trench section in gate electrode forming 
step. Thereby, a trench section in which gate electrode is built is 
formed in the cell region-, and a trench section entirety of which is 
filled with insulating material is formed in the periphery region of 
the cell region. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view showing structure of an insulated 
gate type semiconductor device directed to a first embodiment. 

Fig. 2 is a sectional view showing structure of the insulated 
15 gate type semiconductor device (two-stage-structured P floating 
region) directed to the first embodiment. 

Fig. 3 illustrates manufacturing process of the insulated gate 
type semiconductor device directed to Fig. 1. 

Fig. 4 illustrates manufacturing process of the insulated gate 
20 type semiconductor device directed to Fig. 2. 

Fig. 5 is a graph showing relation of voltage and current at 
a between-drain-and-source portion (gate voltage is constant) . 

Fig. 6 is a graph showing relation of voltage and current at 
a between-drain-and-source portion for each gate voltage. 
25 Fig. 7 is a sectional view showing structure of an insulated 

gate type semiconductor device directed to a second embodiment. 

Fig. 8 is a sectional view showing structure of the insulated 
gate type semiconductor device { two-stage-structured P floating 



wo 2005/036650 PCT/JP2004/015179 

14 

region) directed to the second embodiment . 

Fig. 9. is a sectional view showing structure of the insulated 
gate type semiconductor device ( P floating region different in position 
of thickness direction) directed to the second embodiment, 
5 Fig. 10 is a top view showing array of an insulated gate type 

semiconductor device with stripe-patterned trench. 

Fig. 11 is a top view showing array of an insulated - gate type 
semiconductor device with mesh-patterned trench. 

Fig. 12 illustrates manufacturing process of the insulated gate 
10 type semiconductor device directed to Fig. 8. 

Fig. 13 is a sectional view showing structure of an insulated 
gate type semiconductor device directed to a third embodiment. 

Fig. 14 is a sectional view showing structure of the insulated 
gate type semiconductor device ( P floating region different in position 
15 of thickness direction) directed to the third eitibodiment . 

Fig. 15 is a sectional view showing structiire of the insulated 
gate type semiconductor device (P floating region same in position of 
thickness direction) directed to the third embodiment. 

Fig. 16 is a top view showing array (1) of an insulated gate type 
20 semiconductor device with dot -patterned trench. 

Fig. 17 is a top view showing array (2) of an insulated gate type 
semiconductor device with dot -patterned trench. 

Fig. 18 illustrates manufacturing process of the insulated gate 
type semiconductor device directed to Fig. 13. 
25 Fig. 19 illustrates manufacturing process of the insulated gate 

type semiconductor device directed to Fig. 15. 

Fig. 20 is a sectional view showing terminal structure of an 
insulated gate type semiconductor device directed to a fourth embodiment . 
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Fig . 21 shows layout of the semiconductor device directed to Fig. 
20^ viewed from top. 

Fig. 22 illustrates manufacturing. process of the insulated gate 
type semiconductor device directed to Fig. 20. 
5 Fig. 23 shows potential distribution at X-X section in the 

semiconductor device directed to Fig. 21. 

Fig. 24 is a graph showing field intensity at Y-Y section in the 
semiconductor device directed to Fig. 20. 

Fig. 25 is a sectional view showing structure of a 
10 conductivity-modulated type semiconductor device'. 

Fig. 26 is a view showing current path in a conventional insulated 
gate type semiconductor device when load is short-circuited. 

Fig. 27 is a view showing current path in an. insulated gate type 
semiconductor device in the embodiments when load is short-circuited. 

* 

■^^ ^ig- 28 is a sectional view showing structure (1) of an insulated 

gate type semiconductor device in which a hole barrier layer is formed. 

Fig. 29 is a sectional view showing structure (2) of an insulated 
gate type semiconductor device in which a hole barrier layer is formed. 

Fig. 30 is a sectional view showing structure of a conventional 
insulate gate type semiconductor device (1) . 

Fig. 31 is a sectional view showing structure of a conventional 
insulate gate type semiconductor device (2) . 

Fig. 32 is a sectional view showing terminal structure of a 
conventional insulated gate type semiconductor device. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

Exemplary embodiments of the invention are described below 
specifically while referring to accompanying drawings. In the 



wo 2005/036650 PCT/JP2004/015179 

I 

16 

embodiments, the invention is applied in a power MOS for controlling 
conduction between drain and source (DS) by application of voltage 
to the insulated gate. 

[FIRST EMBODIMElSfT] 

■ 

5 An insulated gate type semiconductor device 100 (hereinafter 

called semiconductor device 100) in a first embodiment has a structure 
as shown in a sectional view in Fig^ 1. In Fig. 1, constituent elements 
having same reference niamerals as in the conventional semiconductor 
device shown in Fig. 30 have same functions. In the present 

10 specification, the entire assembly formed by a start substrate and 
a single crystal silicon portion fomed on the start substrate by 
epitaxial growth is called a semiconductor substrate. 

In the semiconductor device 100, at the upper side in Fig. 1 
in the semiconductor substrate, N+ source region 31 is formed together 

15 with P+ source region 32 provided at high concentration for lowering 
the contact resistance. At the lower side, on the other hand, N+ drain 
region 11 is provided. Between them, P- body region 41 and N- drift 

*' " - ' -1.- 

region 12 are provided from the upper side . The thickness of the combined 
region of body region 41 and N- drift region 12 (hereinafter called 

20 epitaxial layer) is about 5.5 pm (in which the thickness of P- body 
region 41 is about 1.2 ^im) . 

By digging part of the upper side of the semiconductor substrate, 
a gate trench 21 is formed. The depth of the gate trench 21 is about 
3 , 2 pm, and it penetrates through the P- body region 41 . In the bottom 

25 of the gate trench 21, a deposited insulating layer 23 is formed by 
deposit of insulating material. More specifically, the deposited 
insulating layer 23 is formed by collection of silicon oxide to a height 
of about 1. 7 pm from the bottom of the gate trench 21 . On the deposited ' 
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insulating layer 23, further, a gate electrode 22 is formed by deposit 
of conductor (for exaitple, polysilicon).. The lower end of the gate 
electrode 22 is positioned beneath the lower side of the P- body region 
41. The gate electrode 22 is opposite to the N+ source region 31 and 
. 5 P- body region 41 of semiconductor substrate by way of a gate dielectric 
24 formed at the wall surface of the gate trench 21. That is, the 
gate electrode 22 is insulated from the N+ source region 31 and P- 
body region 41 by the gate dielectric 24 . In the semiconductor device 

4 

100 having such structure, by application of voltage to the gate 
10 electrode 22, a channel effect is generated in the P- body region 41, 
and hence conduction between the N+ source region 31 and N-f drain region 
11 is controlled. 

Further, the semiconductor substrates includes a P floating 
region 51 enclosed by the N- drift region 12. The section of the P 

15 floating region 51 is, as shown in a sectional view in Fig. 1, a nearly 
circular shape of radius of 0 . 6 centered on the bottom of the gate 
trench 21. Each gate trench 21 is formed in a pitch of about 3.0 jum. 
Therefore, between adjacent P floating regions 51, 51, a sufficient 
space is reserved. In ON state, hence, the presence of P floating 

20 region 51 will not impede the flow of drain current . The radius (about 

< 

0 . 6 pm) of the P floating region 51 is smaller than 1/2 of the thickness 
(about 1.7 ym) of the deposited insulating layer 23. Therefore, the 
upper end of the deposited insulating layer 23 is positioned higher 
than the upper end of the P floating region 51 . Hence, the gate electrode 
25 22 depositing on the deposited insulating layer 23 is not opposite 
to the P floating region 51. 

The semiconductor device 100 of the embodiment has the P floating 
region 51 provided beneath the gate trench 21 incorporating the gate 
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electrode 22, and it has the following characteristics as compared 
with the insulated gate type semiconductor device not having this. 
That is, when the gate voltage is switched off, by the DS voltage, 
a depletion layer is fomed from the PN junction position with the 
5 P- body region 41 in the N- drift region 12. Peak of field intensity 
appears near the PN junction position . When the leading end of depletion 
layer reaches the P floating region 51, the P floating region 51 falls 
in punch- through state, and the potential is fixed. When the DS applied 
voltage is high, a depletion layer is also formed from the lower end 
10 of the P floating region 51. Separately from the PN junction position 
with the P- body region 41, peak of field intensity also appears near 
the lower end of the P floating region 51. That is, peak of electric 
field can be formed at two positions, and the maximum peak value can 

» 

be lowered-. As a result, a higher withstand voltage design is realized. 
15 Because of high withstand voltage, by raising the impurity concentration 
of the drift region 12, a lower on-resistance design is realized. 
Moreover, since the semiconductor device 100 has the deposited 

* 

insulating layer 23 provided in the gate trench 21, it has also the 
following characteristics. That is, since the P floating region 51 

20 is formed by ion implantation or the like from the bottom of the gate 
trench 21 as described below, the bottom of the gate trench 21 is damaged 
more or less. However, by the presence of the deposited insulating 
layer 23, effects of bottom damage of the gate trench 21 can be evaded, 
and defects such as deterioration of device characteristic or decline 

25 of reliability can be prevented. Also by the deposited insulating 
layer 23 , effects due to confrontation of gate electrode 22 and P floating 
region 51 are lessened, and the on-resistance in the P- body region 
41 is decreased. As compared with a structure not having the deposited 
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insulating layer 23, since the gate electrode 22 is smaller, and the 
gate-drain capacity Cgd is small, and the switchinq speed is faster. 

A plurality of P floating regions may be provided in the thickness 
direction of the semiconductor device. For example, as shown in Fig. 
5 2, two stages of P floating regions may be provided- In a semiconductor 
device 101 shown in Fig. 2, as compared with the semiconductor device 
100 in Fig. 1, deeper (about 8.5 pm) epitaxial layer and gate trench i 

r 
S 

21 are provided. It also has a P floating region 51 centered on the i 
bottom of the gate trench 21, and a P floating region 52 positioned 
10 between the P floating region 51 and P- body region 41. As a result, 

■■■ 

i 

the depletion layer formed from the PN junction position with the P- 
body region 41 once reaches the P floating region 52, and then reaches 
the P floating region 51. Accordingly, aside from the PN junction 

•position with the P- body region 41, peak of field intensity appears j 

) 

15 at both lower end of the P floating region 52 and lower end of P floating j 

i 

region 51. Therefore, three peaks of electric field are formed, and \ 
the maximum peak value may be further decreased. Incidentally, by j 
. increasing the nuirtoer of P floating regions 52 positioned between the 
P floating region 51 and P- body region 41, the number of peaks of \ 

20 electric field. can be increased. Accordingly, the greater the number 
of P floating regions 52, the higher withstand voltage design and lower 
on-resistance design can be realized. 

The manufacturing process of the semiconductor device 100 shown 
in Fig. 1 is explained by referring to Fig. 3. To begin with, N- type 

25 silicon layer is formed by epitaxial growth on N+ substrate as N+ drain 
region 11. This N- type silicon layer (epitaxial layer) forms the 
regions of N- drift region 12, P- body region 41, and N+ source region 
31. By subsequent ion implantation or the like, P- body region 41 
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and N+ source region 31 are formed* As a result, a semiconductor 
substrate having epitaxial layer is fabricated on N+ drain region 11 
as shown in Fig. 3 (a) . 

Next, as shown in Fig. 3 (b) , penetrating the P- body region 
5 41, a gate trench 21 is formed until its bottom reaches up to the N- 
drift region 12. Later, by thermal oxidation processing, an oxide 
film 95 of about 50 nm in thickness is formed on the wall of the gate 
trench 21. Further, as shown in Fig. 3 (c) , ion implantation is started 
from the bottom of the gate trench 21. Ion implantation is carried 

10 out after forming the oxide film 95 because ion implantation is not 
applied to the side wall of the gate trench 21 . After ion implantation, 
the oxide film 95 in the gate trench 21 is removed. When burying the 
oxide film, if there is problem of interface state, or it is better 
for burying the insulating material when a thin oxide film is formed 

15 on the silicon surface, it is better to form a thin thermal oxide film- 
of about 50 nm and then bury the insulating material. Such process 
is not needed if it is better for burying the insulating material when 
the silicon surface is exposed. 

As shown in Fig. 3 (d) , an insulating material (silicon oxide 

20 or the like) 23 is deposited in the gate trench 21 by CVD. Thermal 
diffusion is processed for the purposes of both annealing of the 
insulating material and formation of P floating region 51 . As a result, 
the P floating region 51 is formed. The size of the P floating region 
51 is determined by the bottom dimensions of the gate trench 21. The 

25 position of the P floating region 51 in the thickness direction is 
determined by the depth of the trench. That is, since the P floating 
region 51 is determined on the basis of the gate trench 2 1 , its dimensional 
precision is high. Next, as shown in Fig. 3 (e) , by etching the 
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semiconductor substrate in which the insulating material deposits, 
part of the insulating material is removed. Thus, a space for forming 
the gate electrode. 22 is presejrved. 

An oxide film 24 is formed by thermal oxidation on the upside 
5 of the semiconductor substrate and the wall surface of the gate trench 
21. This is the gate oxide film 24. In the space reserved in the 
preceding step, a conductor (polysilicon or the like) is deposited, 
and a gate electrode 22 as shown in Fig. 3 (f) is formed. Then, by 
forming the source electrode and drain electrode, an insulated gate 

10 type semiconductor device, that is, semiconductor device 100 is 
fabricated as shown in Fig. 3 (g) . 

The semiconductor 101 shown in Fig. 2 is fabricated in the 
manufacturing process as shown in Fig . 4 . In this manufacturing process , 
it is same as the manufacturing process of the semiconductor device 

15 100 shown in Fig. 1 up to the step of ion implantation (corresponding 
to Fig. 3 (c) ) after forming the gate trench 21. Thereafter, in the 
semiconductor substrate after ion implantation, without depositing 
the insulating material, theiinal diffusion is processed. As a result, 
a P floating region 52 is formed as shown in Fig. 4 (d) . 

20 As shown in Fig. 4 (e) , by etching again, the gate trench 21 

is much excavated. As shown in Fig. 4 (f ) , by thermal oxidation 
processing, an oxide film 95 is formed on the wall of the gate trench 
21. From the bottom of the gate trench 21, again, ion implantation 
is executed. After the ion implantation, the oxide film 95 in the 

25 gate trench 21 is removed. When burying, the oxide film, if there is 
problem of interface state, or it is better for burying the insulating 
, material when a thin oxide film is formed on the silicon surface, it 
is better to form a thin thermal oxide film of about 50 nm and then 
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bury the insulating material. Such process is not needed if it is 

better for burying the insulating material when 'the silicon surface 
is exposed. 

As shown in Fig. 4 (g) , an insulating material (silicon oxide 
5 or the like) 23 is deposited in the gate trench 21 by CVD. Thermal 
diffusion is processed for the purposes of both annealing of the 
insulating material and formation of P floating region 51 . As a result, 
the P floating region 51 is formed. 

In the same procedure as in the process after Fig. 3 (e) , a gate 
electrode 22 incorporated in the gate trench 21 is formed as shown 
in Fig. 4 (h) . Thereafter, by forming the source electrode and drain 
electrode, an insulated gate type semiconductor device, that is, 
semiconductor device 101 as shown in Fig. 4 (i) is fabricated. The 
number of P floating regions 52 can be increased in the thickness 
15 direction by repeating the process from Fig. 4 (d) to Fig. 4 (f) . 

In the semiconductor device 100 shown in Fig. 1, results of 
measurement of DS withstand voltage and on-resistance Are explained. 
Fig. 5 is a graph showing the relation of DS voltage Vds and current 
Ids with the gate voltage Vg fixed at 0 V. As shown in Fig. 5, while 
the voltage Vds is within 10 V to 70 V, the value of cvirrent Ids is 
nearly constant. When the voltage Vds exceeds 72 V, the current Ids 
increases suddenly. It is known that breakdown has occurred at 72 
V. Fig. 6 is a simulation graph showing the relation of DS voltage 
Vds and current Ids with the gate voltage Vg variable . The inclination 
25 of the graph corresponds to the DS on-resistance. Generally, the 
silicon limit (unipolar limit) is expressed by the on-resistance (Ron) 
calculated in formula (1) below. In formula (1), Vb denotes the 
withstand voltage. • 
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Ron = 8.33 X lO'^Vb)^'^ (1) 
For example, in the case of withstand voltage of 72 V, the on-resistance 
36-6 mQ-rtim^ is the unipolar limit. In this embodiment, for example, 
at the gate voltage Vg = 15 V, the on-resistance was 34.0 mQ-mm^ from 
5 the graph inclination of Vg = 15 V in Fig. 6. Therefore, the insulated 
gate type semiconductor device of the embodiment realizes a higher 
on-resistance design exceeding the unipolar limit. 
[Second embodiment] 

An insulated. gate type semiconductor device 200 (hereinafter 

10 called semiconductor device 200) in a second embodiment has a structure 
as shown in a sectional view in Fig. 7. It is a feature of the 
semiconductor device 200 in this embodiment is. that a trench for P 
floating region is provided, with the bottom of the trench positioned 
in the P floating region. In this respect, it is different from the 

15 semiconductor device 100 (see Fig. 1) in which the bottom of the trench 
incorporating the gate electrode is positioned in the P floating region . 
In Fig. 7, constituent elements having same reference numerals as in 
the semiconductor device 100 shown in Fig. 1 have same functions. 
The semiconductor device 200, same as the semiconductor device 

20 100 of the first embodiment, comprises N+ source region 31, N+ drain 
region 11, P- body region 41, and N- drift region 12. By excavating 
part of the upper side of the semiconductor device 200, a gate trench 
21 is formed. The gate trench 21 incorporates a gate electrode 22. 
The gate electrode 22 is insulated from the P- body region 41 by the 

25 gate dielectric 24 formed on the wall of the gate trench 21. In the 
semiconductor device 200 , by application of voltage to the gate electrode 
22, a channel effect is produced in the body region 41, and thereby 
the conduction between the N+ source region 31 and N+ drain region 
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11 is controlled. 

The semiconductor device 200 includes, aside from the gate trench 
21 incorporating the gate electrode 22 , trenches 25, 25 provided at 
both sides of the gate trench 21. Eachtrench25 is filled with insulating 
5 material. Further, a P floating region 54 is formed in contact with 
the -bottom of the trench 25, being surrounded by an drift region 
12 . The section of the P floating region 54 is a nearly circular shape 
centered on the bottom of the trench 25 as shown in a sectional view 
in Fig. 7. 

10 In the semiconductor device 200 of the embodiment, same as the 

semiconductor device 100 in the first embodiment, by forming the P 
floating region 54, the peak of electric field is formed in two positions, 
and the maximum peak value can be decreased. As compared with the 
semiconductor device 100 in the first embodiment, it has the following 

15 features. That is, the structure of the gate electrode is the same 
of the conventional structure, and it is easy to fabricate. That is, 
the distance between the gate electrode 22 and P floating region 54 
is longer as compared with that in the first semiconductor device 100. 
Accordingly, it is easier to hold the current path, and a lower 

20 on-resistance design can be realized. Besides, since the P floating 
region opposite to the gate" electrode 22 is not provided, it is free 
from problems of effects of ion iitplantation or increase of 
on-resistance. 

Further, same as in the semiconductor device 100 in the first 
25 embodiment, a plurality of P floating regions may be provided in the 
thickness direction of the semiconductor device. For exartple, as shown 
in Fig. 8, P floating regions may be formed in two-stage structure. 
In the semiconductor device 201 shown in Fig. 8, trenches 25 are formed 
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deeper than in the semiconductor device 200 shown in Fig, 7. The gate 
trench 21 for gate electrode 22 is same in depth as the semiconductor 
device 200 shown in Fig. 1 , but in the semiconductor device 201, the 
P floating region 54 centered on the bottom of the trench 25 is formed 
5 together with the P floating region 55 positioned between the P floating 
region 54 and P- body region 41. As a result, the peak of electric 
field is fomed at three positions, and a further higher withstand 
voltage design and lower on-resistance design can be realized. 

Besides, as shown in Fig. 9, a trench 26 of which depth is not 

10 same as a trench 25 may be provided with the gate electrode 22 being 
arranged between the trench 25 and the trench 26. This trench 26 is 
also filled with insulating material, and its bottom is positioned 
in the P floating region 55. That is, the P floating region 56 is 
provided at a. position different from the P floating region 54 in the 

15 thickness direction. Therefore, same as in the semiconductor device 
201 shown in Fig. 8, the peak of electric field is formed at three 
positions. Therefore, the higher withstand voltage design and lower 
on-resistance design can be realized. In the semiconductor device 
202, the trench pitch is designed slightly narrower than in the 

20 semiconductor device 201 in order to link the depletion layers more 
securely in the width direction. In the semiconductor device 202, 
only one P floating region contacts with each trench, and hence the 
ion implantation and thermal diffusion process for forming each P 
floating region is required only once. Hence, characteristic 

25 deterioration due to thermal diffusion process can be minimized. Each 
trench can be filled in same process, and the manufacturing process 
is simplified. 

The shape of each trench is a stripe long in the depth direction 



wo 2005/036650 PCT/JP2004/015179 

26 

in the drawing / mesh shape , dot shape , etc . For higher withstand voltage 
design, the stripe shape as shown in Fig. 10 or mesh shape as shown 
in Fig, 11 may be. effective. 

The manufacturing process of the semiconductor device 201 shown 
5 in Fig, 8 is explained by referring to Fig. 12. The gate electrode 
22 and gate trench 21 of the semiconductor device 201 have a general 
structure and formed by known manufactiiring method.. As shown in Fig. 
12 (a) , a trench 25 is formed by penetrating through the P~ body region 
and with its bottom reaching up to the N- drift region 12. Next, ion 

10 iirplantation f rom the bottom of the trench 25 is made. After that, 
thermal diffusion process is conducted. As a result, P floating region 
55 is formed. In this state, onthebasisof the semiconductor substrate, 
insulating material is deposited in the trench 25, and source electrode 
and drain electrode are formed, and then the semiconductor device 200 

15 as shown in Fig. 7 is fabricated. 

By etching again as shown in Fig. 12 (b) , the trench 2 5 is excavated. 
From the bottom of the trench 25, ion implantation is executed again. 
As shown in Fig. 12 (c) , an insulating material 23 is deposited in 

* 

the gate trench 21 by CVD. Later, for the purpose of annealing of 
20 the insulating material and formation of the P floating region 54, 

4 ■ 

thermal diffusion process is carried out. As a result, the P floating 
region 54 is formed. Then, by forming the source electrode and drain 
electrode, the insulated gate type semiconductor device, that is, 
semiconductor device 201 as shown in Fig. 12 (d) is fabricated. 
25 [Third embodiment] 

An insulated gate type semiconductor device 300 (hereinafter 
called semiconductor device 300) in a third embodiment has a structure 
as shown in a sectional view in Fig, 13. It is a feature of the 
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semiconductor device 300 in this embodiment is that the P floating 
region is provided individually beneath a trench for gate electrode, 
and a trench for P floating region, that is, trench not incorporating 
the gate electrode. In this respect, it is different from the 
5 semiconductor device 100 (see Fig. 1) having the P floating region 
provided only beneath the gate trench 21 for gate electrode, or the 
semiconductor device 200 (see Fig. 7) provided only beneath the trench 
25 for P floating region. In Fig. 13, constituent elements having 
.same reference numerals as in the semiconductor device 100 shown in 

10 Fig . 1 and the semiconductor device 200 shown in Fig . 7 have same functions 

The semiconductor device 300, same as the semiconductor device 
100 of the first embodiment and the semiconductor device 200 of the 
second embodiment, comprises N+ source region 31, N+ drain region 11, 
P- body region 41 and N- drift region 12. By excavating part of the 

15 upper side of the semiconductor device 300, a gate trench 21 is formed. 
In the bottom of the gate trench 21, a deposited insulating layer 23 
is formed by depositing an insulating material. Further on the 

» 

deposited insulating layer 23, a gate electrode 22 is formed. The 
gate electrode 22 is insulated from the P- body region 41 by the gate 
20 dielectric 24 formed on the wall of the gate trench 21. In the 
semiconductor device 200 , by application of voltage to the gate electrode 
22, a channel effect is produced in the body region 41, and thereby 
the conduction between the N+ source region 31 and N+ drain region 
11 is controlled. 

25 The semiconductor substrate has trenches 25, 25 deeper than the 

gate trench 21 at both sides of the gate trench 21, in addition to 
the .gate trench 21 incorporating the gate electrode 22. The trench 
25 is filled with insulating material. Further, being surrounded by 
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an N- drift region 12 , P floating regions 51 , 54 are formed . The section 
of the P floating regions 51, 54 is a nearly circular shape centered 
on the bottom of the trench 25 as shown in a sectional view in Fig. 
13 . In this specification, the P floating region in which the bottom 
5 • of the gate trench 21 for gate electrode is. positioned is called the 
"P floating region 51", and the P floating region in which the bottom 
of the gate trench 25 for P floating region is positioned is called 
the "P floating region 54". 

The adjacent P floating regions 51, 54 are disposed so as not 
to contact with each other . If the adj acent P floating regions contact 
with each other, the current path in ON time is narrow, and the 
on-resistance increases. The P floating region 51 is disposed at a 
limit position of the depletion layer, which spreads downward from 
the PN junction of the P- body region 41 and N- drift region 12 in 
15 OFF time, reaches up to the P floating region 51 before occurrence 
of breakdown. This is because the withstand voltage is proportional 
to the depth of the depletion layer, and the withstand voltage becomes 
lower if. the distance between the P- body region 41 and P floating 
region 51 is short. The P floating region 54 is disposed at a limit 
20 position of the depletion layer, which spreads downward from the P 
floating region 51, reaches up to the P floating region 54 before 
occurrence of breakdown. This is also intended to realize an optimum 
high withstand voltage design. 

In the semiconductor device 300 of the embodiment, P floating 
25 regions 51, 54 are provided in both bottom of the gate trench 21 for 
gate electrode, and the bottom of the trench 25 for P floating region, 
and further the gate trench 21 and trench 25 are different in depth, 
and therefore the peak of electric field is formed at three positions. 
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same as the semiconductor device 201 shown in Fig. 8 or semiconductor 
device 202 shown in Fig. 9 . Hence both higher withstand voltage design 
and lower on-resistance design are realized. 

The P floating regions 51, 54 are not limited to the layout of 
5 the upper P floating region 51 and. lower P floating region 54 as in 
the semiconductor device 300 shown in Fig. 13. For exarrple, as shown 
in Fig. 14, the P floating region 51 may be lower and the P floating 
region 54 may be upper. In the semiconductor device 301 having such 
layout, the peak of electric field is formed at three positions, and 

10 the maximum peak value can be decreased. 

Different from the semiconductor devices shown in Fig. 13 and 
Fig. 14, in the semiconductor device 302 shown in Fig. 15, the gate 
trench 21 for gate electrode and the trench 25 for P floating region 
may be formed in a same depth. Such semiconductor device 302 brings 

15 about the following benefits. That is, since the both trenches- can 
be formed in a same process, the number of processes can be curtailed. 
Moreover, the distance of adjacent P floating regions is short, and 

■ * • - ■ 

if the concentration of N- drift region 12 is high, the depletion layer 
can be linked securely. .Hence, lower on-resistance design can be 

20 realized. Since higher withstand voltage design is realizedby multiple 
P floating regions 51, 54, the size of each one of P floating regions 
51, 54maybesmall. Hence, the acceleration volt age in ion implant at ion 
can be lowered, and damage by ion implantation can be suppressed. As 
compared with the semiconductor device having different trench depths, 

25 the thickness of the epitaxial layer may be smaller. Since the number 
of times of thermal diffusion processing is smaller, diffusion of 
impurity can be suppressed, and the increase of on-resistance due to 
thermal diffusion processing can be suppressed. 
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The shape of trenches of the semiconductor device 302 shovm in 
Fig. 15 may be any shape, same as in the other semiconductor devices, 
including stripe shape (see Fig. 10), mesh shape (see. Fig. 11), and 
dot shape . Since the density of each P floating region is high in 
5 the semiconductor device 302, as compared with other structure, the 
manufacturing margin of size and others is wider. By making use of 
this merit, the trench 25 may be formed in dot shape as shown in Fig. 
16. In this layout, since the P floating region 54 is partially cut 
away, the current path is broad, and a lower on-resistance design is 
realized. To make uniform the spread of depletion layer, the distance 
of trenches is set uniform. Furthermore, as shown in Fig. 17, a gate 
trench 21 is formed at cut segment of trench 25 to form in a mesh,- 

■ 

and the area of the gate electrode 22 is wider, and a lower on-resistance 
design is realized. Section A-A in Fig. 16 or section B-B in Fig. 

15 17 corresponds to the semiconductor device 302 in Fig. 15. 

The manufacturing process of the semiconductor device 300 shown 
in Fig. 13 is explained by referring to Fig. 18. The gate electrode 
22 and gate trench 2 1 of the semiconductor device 300 have a same structure 
as in the semiconductor device 100 in Fig. 1, and formed in the same 

2 0 manufacturing method as the manufacturing method shown in Fig . 3 . First , 
by etching as shown in Fig. 18 (a) , a trench 25 deeper than the gate 
trench 21 is formed. By the subsequent thermal oxidation processing, 
an oxide film 95 is formed on the wall of the trench 25 . . Ion iitplantation 
is executed again from the bottom of the trench 25. After ion 

25 inplantation, the oxide film 95 in the trench 25 is removed. When 
burying the oxide film, if there is problem of interface state, or 
it is better for burying the insulating material when a thin oxide 
film is formed on the silicon surface, it is better to form a thin 
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thermal oxide film of about 50 nm and then bury the insulating material , 
• Such process is not needed, if it is better for burying the insulating 
material when the silicon surface is esq^osed. 

Further, an insulating material is deposited in the trench. 
5 Later, for the purpose of annealing of the insulating material and 
formation of the P floating region 54, thermal diffusion processing 
is carried out. As a result, the P floating region 54 is formed at 
a different position in the thickness direction from the P floating 
region 51. As shown in Fig. 18 (b) , a deposited insulating layer 23 

10 is formed in the trench 25. Then, by forming the source electrode 
and drain electrode, the insulated gate type semiconductor device, 
that is, the semiconductor device 300 as shown in Fig. 18 (c) is fabricated. 
The semiconductor device 301 shown in Fig. 14 can be fabricated in 
the same process only by varying the depth of the trenches. 

15 . In this manufacturing process , the gate trench 21 is formed before 
the trench 25 , and it is intended to decrease the thermal load . However, 
the trench 25 may be formed earlier by lowering the gate oxidation 

* 

temperature . 

The manufacturing process of the semiconductor device 302 shown 
20 in Fig. 15 is explained by referring to Fig. 19. First, as shown in 
Fig. 19 (a) , penetrating through the P~ body region 41, a gate trench 
21 and trench 25 are formed until its bottom reaches up to the N- drift 
region 12. The both trenches are formed at the same time, and hence 
same in the depth. By subsequent thermal oxidation processing, an 
25 oxide film 95 is formed on the wall of each trench, ion implantation 
is executed from the bottom of each trench. After ion implantation, 
the oxide film 95 of each trench is removed. When burying the oxide 
film, if there is problem of interface state, or it is better for burying 
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the insulating material when a thin oxide film is formed on the silicon 
surface;, it is better to form a thin thermal oxide film of about .50 
nm and then bury the insulating material. Such process is not needed 
if it is better for burying the insulating material when the silicon 
5 surface is exposed. 

Further, an insulating material is deposited in each trench. 
As a result, a deposited insulating layer 23 is formed in each trench. 
Later, for the purpose of annealing of the insulating material and 
formation of the P floating region 51 and P floating region 54, thermal 

10 diffusion processing is carried out . As a result, the P floating region 
51 and P floating region 54 are formed simultaneously by one thermal 
diffusion processing. As a result, as shown in fig. 19 (b) , the P 
floating region 51 is formed beneath the gate trench 21 and the P floating 
region 54 beneath the trench 25. 

15 By etching the deposited insulating layer 23 in the gate trench 

21, part of the deposited insulating layer 23 is removed. Further, 
an oxide film 24 is formed by thermal oxidation on the wall of the 
gate trench 21. This is the gate oxide film 24. By depositing a 
conductor in the gate trench 21, a gate electrode 22 incorporated in 

20 the gate trench 21 is formed as shown in Fig. 19 (c) . Then, by forming 
the source electrode and drain electrode, the insulated gate type 
semiconductor device, that is, semiconductor device 302 as shown in 
Fig. 19 (d) is fabricated. 
[Fourth embodiment] 

25 An insulated gate type semiconductor device 400 {hereinafter 

called semiconductor device 400) in a fourth embodiment has a structure 
as shown in a sectional view in Fig. 20. The semiconductor device 
400 has a different terminal structure from the conventional 



wo 2005/036650 PCT/JP2004/015179 

■ 33. . ' 

semiconductor device . The semiconductor device 4 00 of this embodiment , 
same as the semiconductor device 100 of the first embodiment, comprises 
N+ source region 31, N+ drain region 11, P- body region 41, drift 
region 12, and gate trench 21 incorporating gate electrode 22. By 
5 application of voltage to the gate electrode 22, the conduction between 
the N+ source region 31 and N+ drain region 11 is controlled.. In this 
specification, in the periphery of the cell region .(cell area) , a region 
acting as a terminal end is called a '^terminal area". 

In the terminal area of the semiconductor device 400, as shown 

10 in Fig. 21, a tej^idnal trench 62 is formed so as to surround the cell 
area. The inside of the terminal trench 62 shown in Fig. 20 is entirely 
filled with an insulating material ( silicon oxide or the like) . Beneath 
the terminal trench 62, a P floating region 53 having the same action 
as the P floating region 51 in the first embodiment is formed. 

15 The manufacturing process of the semiconductor device 400 is 

explained below, mainly relating to the terminal area, by referring 
to Fig. 22. First, as shown in Fig. 22 (a), an epitaxial layer (N- 
drift region 12, P- "body region 41, N+ source region 31) is formed 
on the N+ drain region 11 . The detail is same as in the first embodiment . 

20 Then a gate trench 21 is formed on the semiconductor substrate. At 
this time, the terminal trench 62 is also formed in the terminal area 
simultaneously. As shown in Fig. 22 (b) , by ion implantation from 
the bottom, P floating regions 51, 53 are formed. 

As shown in Fig. 22 (c) , by depositing an insulating material 

25 in each trench, a deposited insulating layer 23 is formed. As shown 
in Fig. 22 (d) , a resist 96 is formed on the terminal area of the top 
of the semiconductor substrate. Using the resist 96 as the mask, the 
insulating material is etched. As a result, the height of the deposited 
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insulating layer 23 is adjusted. At this time of etching, the deposited 
insulating material in the terminal area is protected by the resist 
96. Hence, only the deposited insulating material in the cell area 
is adjusted in height. Therefore, the insulating material in the 
5 terminal trench 62 is not removed at all, and the terminal trench 62 
• remains to be filled up. After height adjustment of the deposited 
insulating material, the resist 96 is removed. 

As shown in Fig. 22 (e) , an oxide film is formed on the top of 
the semiconductor . substrate and wall of the gate trench 21, and. a 

10 conductor 22 is deposited in the gate trench 21. As a result, a gate 
electrode 22 is formed in the gate trench 21. As required, a P+ source 
region 32 may be further formed. Then, by forming the source electrode 
and drain electrode, the insulated gate type semiconductor device, 
that is, semiconductor device 400 as shown in Fig. 22 (f) is. fabricated. 

1^ Simulation results of field intensity of the semiconductor device 

400 areexplained. In this simulation, the field intensity distribution 
of section X-X in Fig. 21 was determined. Fig. 23 shows' isopotential 
lines in the semiconductor device 400. As shown in Fig. 23, the peak 
of electric field are present at two positions, that is, near the PN 

20 junction of the P- body region 41 and N- drift region 12, and the lower 
end of the P floating region 52. The graph in Fig. 24 shows the field 
intensity in the Y-Y section of Fig .20. The axis of ordinates represents 
the field intensity (V/cm) , and the axis of abscissas denotes the 
distance (|jm) from the top of the semiconductor substrate. The field 

25 intensity at Y-Y section shows the peak at two positions, that is, 
about 1.5 pm and 3.5 fjm from the top surface as shown in Fig. 24. As 
known from the graph, too, the electric field reaches the peak near 
the PN junction of the P- body region 41 and N- drift region 12, and 
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at the lower end of the P floating region 52. It is thus known that 
the concentration of electric field is alleviated in the terminal area , 
as well as in the cell area. 

The semiconductor device 400 of the embodiment realizes a higher 
5 withstand voltage designed by the terminal trench 62 and corresponding 
P floating region 52. As a result, as compared with the conventional 
insulated gate type semiconductor device shown in Fig. 32, the following 
features are provided. That is, in the semiconductor device 400 of 
■ the embodiment, the P floating region 53 of the terminal area can be 
10 fabricated in the same process as the P floating region 51 of the cell 
, area, and hence the number of processes is reduced and it is easy to 
fabricate. The P floating region 53 is smaller in thermal load as 
compared with the P terminal diffusion region 61 . Hence, the N- drift 
region 12 (epitaxial layer) can be formed in a smaller thickness, and 

« 

the on-resistance can be decreased. The size of the P floating region 
53 is smaller than in the conventional P terminal diffusion region 
61. Hence, the size can be controlled easily. 

> • - . , 

In the semiconductor device 400, three terminal trenches 62 are 
formed, but the number of terminal trenches 62 is not limited. The 
2 0 greater the number of terminal trenches 62 , the higher is the withstand 
voltage. For exainple, in the case of the semiconductor device 400, ' 
supposing the number of terminal trenches 62 to be one, the withstand 
voltage is 50 V. By contrast, by increasing the number of terminal 
trenches 62 to two, it is enhanced to 64 V, and by increasing to three, 
it is enhanced to 72 V. On the other hand, by increasing the number 
of trenches, the space of the terminal area becomes wider, which is 
contradictory to compact design of the entire semiconductor device. 
Hence, the terminal trench 62 is formed depending on the withstand 
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voltage . The withstand voltage is enhanced by optimizing the interval 
between adjacent terminal trenches 62. Specifically, in the 
semiconductor device 400, as compared with the distance (3 \m) between 
gate trenches 21, the distance (2 |Jm) .between the terminal trenches 
5 62 is designed to be shorter. In the embodiment, the terminal trench 
62 is formed in a slender groove, but it is not limited. For example, 
it may be formed like a hole. 

As described herein, in the semiconductor device 100 of the first 
embodiment (Fig. 1) , in single process of epitaxial growth, an epitaxial 

10 layer (N- drift region 12) is formed, and further by ion implantation 
and thermal diffusion, a P- body region 41 is formed in the epitaxial 
layer . A gate trench 21 is formed on the semiconductor substrate having 
this epitaxial layer, and by ion implantation from the bottom of the 
gate trench, a P floating region 51 is formed. That is, to fom the 

15 P floating region 51, only one process of epitaxial growth is needed. 
This is the same when fabricating a plurality of P floating regions 
52 in the thickness direction as in the semiconductor device 101 (Fig. 
2) , or when fabricating the P floating region 53 in the terminal area 
as in the semiconductor device 400 (Fig. 20) . By the P floating region 

20 51, depletion of the N- drift region 12 when switching off the gate 
voltage is promoted, and concentration of electric field can be 
alleviated. Hence, both higher withstand voltage design and lower 
on-resistance design are realized, and the easily fabricated insulated 
gate type semiconductor device and its manufacturing method are realized . 

25 In the gate trench 21, a deposited insulating layer 23 may be 

formed. As a result, without receiving effects from the ion 
implantation, the gate dielectric 24 and gate electrode 22 can be formed. 
■ Hence, deterioration of device characteristic and decline of 
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reliability can be suppressed. The upper end of the deposited 
insulating layer 23 is positioned, higher than the upper end of the 
.P floating region 51. Hence, confrontation of the gate electrode 22 
and P floating region 51 can be inhibited. Hence, increase of 
5 on-resistance can be prevented. 

In the semiconductor device 101 (Fig. 2) , a P floating region 
52 is formed between the P- body region 41 and P floating region 51. 

■ 

As a result, the peak of electric field is formed at three positions, 
and the maximum peak value can be further decreased. Hence, by forming 

Id the P floating region 52 , the higher withstand voltage design and lower 
oh-resistance design can be realized. 

In the semiconductor device 200 of the second embodiment (Fig. 
7) , a trench 25 for P floating region is provided. That is, the trench 
not incorporating the gate electrode 22 is provided. Beneath the gate 

15 trench 21 incorporating the gate electrode 22, on the other hand, P 
floating region is not provided, Hence, it is free from problems such 
as effects of ion implantation or increase of on-resistance. The P 

4 " 

• - .... 

floating region 5 4 is providedbeneath the trench 25 formedfor P floating" 
region. It is hence not necessary to consider the position or size 
.of the gate electrode 22 , and the degree of freedom of design is enhanced. 
The distance between the gate electrode 22 and P floating region 54 
is longer than in the first semiconductor device 100. Hence, same 
as in the semiconductor device 100 of the first embodiment, while 
assuring a higher withstand voltage design, it is easier to assure 
25 the current path and the lower on-resistance design can be realized. 

In the semiconductor device 201 (Fig. 8), a P floating region 
55 is formed between the P- body region 41 and P floating region 54, 
As a result, the peak of electric field is formed at three positions, 
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and the maximum peak value can be further decreased. In the 
semiconductor device 202 (Fig. 9), trenches 25 of different depths 
are formed^ and one P floating region 54 is provided beneath each trench • 
Hence^ deterioration of characteristics by thermal diffusion 
5 processing can be kept to a minimum limit, and the higher withstand 
voltage design and lower on-resistance design can be realized. 

In the semiconductor device 300 of the third embodiment (Fig. 
13) , a gate trench 21 for gate electrode and a -trench 25 for P floating 
region are provided, and further P floating regions 51, 54 are provided 
10 beneath the both trenches. Further, the gate trench 21 and trench 
25 are different in depth. As a result, the peak of electric field 
is formed at plural positions, and the maximum peak value can be further 
decreased. 

s 

In the semiconductor device 302 (Fig. 15), the gate trench 21 
15 and- trench 25 are formed in a same depth. Hence, the gate trench 21 
and trench 25 can be formed in a same process. That is, the number 
of processes can be curtailed. Moreover, the thermal diffusion 
processing can be also conducted in the same process, and diffusion 
of impurity is less, and decline of on-resistance by thental diffusion 
20 processing can be suppressed. Meanwhile, by "same depth, " it does 
not mean exactly the same depth. Slight deviation in depth occurring 
during formation of trench is also included in the scope of same depth. 

In the semiconductor device 400 of the fourth embodiment (Fig. 
20 ) , the terminal area also includes P floating region 53 . Accordingly, 
25 a higher withstand voltage design can be achieved not only in the cell 
area but also in the terminal area. This P floating region 53 can 
be formed in the same process as the P floating region 51 in the cell 
area . Hence the terminal structure can be composed in a smaller number 



10 
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of processes.. The P floating region 53 does not require wide space 
as compared with the conventional semiconductor device. Therefore, 
the size controllability is excellent, and the semiconductor device 
itself is compact. 

i The embodiments are mere examples, and are not intended to limit 

the scope of the invention. Therefore, the invention may be changed 
or modified freely within a scope not departing from the true spirit 
of the invention. For exaitple , . the regions of the semiconductors may 
be exchanged between P type and N type. The gate dielectric 24 is 
not limited to the oxide film, but may include nitride film, other 
insulating film or combination film. The semiconductor is not limited 
to silicon, but may include other types of semiconductor (SiC, GaN, 
GaAs, etc. ) . 

In the semiconductor device 400 shown in Fig. 20, the trench 
15 62 in the terminal area is completely filled with insulating material, 
but same as the gate trench 21 in the cell area, the conductor may 
be deposited by removing part of the insulating material. In this 
case, the conductor in the terminal trench 62 is not connected 
electrically to the gate wiring. Even in such semiconductor device, 
2 0 the higher withstand voltage design of the terminal area can be reali zed 
. in a small number of processes. 

The insulated gate type semiconductor device of the invention 
can be applied also in the power MOS using the P type substrate 13 
shown in Fig. 25 or the conductivity-modulated type power MOS. 
25 The insulated gate type semiconductor device of the embodiments 

also has the following characteristics in addition to the 
characteristics describedherein. That is, since holes are accumulated 
in the P floating region 51, the P floating region 51 becomes the supply 
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source of holes. As a result/ in the surface region of the N- drift 
region 12, specifically, in the region positioned higher than the P 
floating region 51 , the hole concentration can be enhanced . As a result , 
the loss can be reduced. Moreover, since the deposited insulating 
5 layer 23 is fonried beneath the gate electrode 22 , the gate-drain capacity 
(Cgd) is small. Hence, transmission failure or driving loss can be 
decreased. 

Since the depletion layer is formed also from the P floating 
region 51, the withstand voltage in load short-circuiting is enhanced . 

10 That is, in the conventional insulated gate type semiconductor device 
without P floating region 51, at the time of load short-circuiting, 
as shown in Fig. 26, depletion layer 15 is formed at the drain side 
from the PN junction of the P- body region 41 and N- drift region 12, 
and a current flow in the region beneath the gate trench 21 (see arrow 

15 in Fig. 26) . On the other hand, in the insulated gate type 
semiconductor device 100 of the embodiment, the deposited insulating 
layer 23 • is formed beneath the gate electrode 22 , and a current flows 

V 

' - " ^ WW • m , 

along the gate trench 21 as shown in Fig. 27. From the P floating 
region 51, too, a depletion layer 15 is formed. Therefore, the current 
20 path in load short-circuiting is very narrow {see arrow in Fig. 27) . 
As a result, the short-circuiting current decreases, and the withstand 

t 

voltage in load short-circuit is enhanced. 

The invention, as shown in Fig. 28 and Fig. 29, can be also applied 
to the power MOS forming the N hole barrier region 18 acting as hole 
25 barrier between the P- body region 41 and N- drift region 12. In the 
case of the power MOS forming the N hole barrier region 18 , spreading 
of the depletion layer in the N hole barrier region 18 is narrow . Hence, 
the withstand voltage may be lowered. However, in the power MOS having 
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the P floating region 51, in addition to the depletion layer formed 
of. the PN junction between the P- body region 41 and N- drift region 
12, a depletion layer is also formed from the P floating region 51, 
so that decline of withstand voltage can.be suppressed. 

5 

INDUSTRIAL APPLICABILITY 

According to the invention, by the floating region surrounded 
by the drift region, both higher withstand voltage design and lower 
onrresistance design can be realized. By the deposited insulating 

10 layer, effects by implantation of impurity can be avoided. By ion 
irtplantation from the bottcM of the trench, the floating, region can 
be f oxmed without repeating formation of silicon layer by epitaxial 
growth. Hence, while realizing both higher withstand voltage design 
and lower on-resistance design, the insulated gate type semiconductor 

15 . device that can be manufactured easily and its manufacturing method 
are presented. 



